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Abstract 
Increasing requirements on the economic and energy efficiency as well as the machining accuracy of manufacturing processes lead to the use of 
innovative materials and production technologies. By deploying mineral casting as a construction material for machine beds the primary energy 
demand and manufacturing costs on the one hand can be reduced significantly. On the other hand the mechanical and thermal properties of 
mineral cast allow for an increase in process reliability and productivity of highly dynamic manufacturing processes. However, the hardness 
and wear resistance of the quartzitic aggregates in the compound have an adverse effect on the machinability of mineral cast with geometrically 
defined cutting edges. High alternating mechanical loads and abrasive tool wear lead to short tool life and high manufacturing costs. 
Nevertheless, machining of mineral cast with geometrically defined cutting edges represents a key driver for the design and manufacturing of 
mineral cast components according to customer specific requirements. The Institute for Machine Tools and Factory Management (IWF) at the 
Technische Universität Berlin performed comprehensive cutting tests to analyze the general performance behavior of super-hard cutting 
materials in machining mineral cast. The studies show that the choice of cutting materials, the tool geometry and the process parameters 
strongly affect the process reliability of mineral cast machining. First requirements of a process-oriented tool design for the efficient machining 
of mineral cast have been developed. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 
2015. 
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1. Introduction 
Mineral cast essentially consists of a compound based on a 
reaction resin and inorganic mineral aggregates in a specific 
grain-size distribution [1-4]. Since the introduction of cold 
curing reaction resins in the 1970s mineral cast has been 
established as a highly innovative construction material in 
mechanical engineering [2]. The excellent mechanical and 
thermal properties of mineral cast allow for an increase in 
process reliability and productivity of highly dynamic 
manufacturing processes [5]. The damping behavior of 
mineral cast is six to eight times that of gray cast iron. The 
consequently higher static and dynamic stiffness of mineral 
cast machine beds increases tool life by up to 30 % and 
improves surface qualities [2,4,6]. Low thermal conductivity 
and high specific heat capacity lead to ruggedness against 
temperature fluctuations and thereby opens up new areas of 
high precision application outside air-conditioned laboratories. 
In addition, the primary energy demand and the manufacturing 
costs can be reduced significantly compared to components 
made of gray cast iron. However, the hardness and wear 
resistance of the natural quartzitic aggregates have an adverse 
effect on the machinability of mineral cast with geometrically 
defined cutting edges. High alternating mechanical loads and 
abrasive tool wear lead to short tool life and high 
manufacturing costs. Based on comprehensive cutting 
experiments performed this paper is intended to represent the 
first results concerning the influence of geometric and 
kinematic parameters on the cutting process of machining 
mineral cast with geometrically defined cutting edges. 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Nomenclature 
ap  depth of cut 
CVD chemical vapour deposition 
Ȗ  rake angle 
Ȗf  angle of chamfer 
Ȗne  working rake angle 
dg  grain diameter 
f  feed 
Fc  cutting force 
Ff  feed force 
Fp  passive force 
PcBN polycrystalline cubic boron nitride 
PCD polycrystalline diamond 
Qw  material removal rate 
rȕ  rounded cutting edge radius 
rİ  corner radius 
tc  cutting time 
vc  cutting speed 
VT tool life volume 
VBmax maximum width of flank wear land 
2. Material characterization 
For the researches at the IWF Berlin an epoxy resin-based 
mineral cast with a maximum grain size dg = 5 mm was used. 
By means of polarization microscopy of polished thin sections 
the shape, size and distribution of the quartzitic aggregates 
were analyzed (Fig. 1). Quartzitic aggregates in six different 
grain sizes are used as the main component providing a 
maximum packing density and thereby minimizing the amount 
of reaction resin needed to about nine percent by volume. The 
mineral aggregates can be distinguished in the three different 
grain size classifications gravel (dg > 1 mm), sand 
(dg = 0.1 mm to dg = 1 mm) and flour (dg < 0.1 mm) [2, 6]. 
Using natural mineral aggregates implies that their shape does 
not comply with the ideal geometry of a spherical shape. Due 
to the production process especially the micro aggregates are 
mostly present in a crushed way. Owing to the differentiated 
coloration of the anisotropic crystalline structure of the larger 
aggregates as a result of birefringence, information can be 
deduced concerning the machinability and attainable surface 
quality of mineral cast components. As a result of the 
production process as well as natural inhomogeneities of the 
aggregates initial cracks can occur at mechanical loads [7] that 
can lead to chipping on the workpiece surface.  
 
 
Fig. 1. Material composition of a polished thin section of mineral cast. 
According to technical specifications provided by the 
manufacturer, the black filler particles to be seen in Fig. 1 
were identified as the concrete addition EFA-Füller® KM/C, 
also known as fly-ash, a fine-grained pozzolan. The 
application of fly-ash as a concrete addition allows to 
influence the mechanical properties and the chemical 
resistance of concrete against external impacts according to 
specific requirements. 
3. Experimental setup 
The cutting experiments were conducted in longitudinal 
turning on a turn-mill center TNX65 from TRAUB 
Drehmaschinen GmbH & Co. KG, Reichenbach, Germany, 
(Fig. 2). Based on the experiences derived from machining 
brittle-hard materials the tool material, the geometrical 
parameters rake angle Ȗ and cutting edge radius rȕ and the 
process parameters cutting speed vc, feed f and depth of cut ap 
were varied to analyze their influence on the process 
behaviour at machining mineral cast. Indexable inserts with 
soldered cutting edges made of polycrystalline diamond 
(PCD) were used for all cutting experiments.  
First investigations were performed with indexable inserts 
SPUN 090316 and a mixed grain-structured PCD CTM302 
with grain sizes between dg = 2 ȝm and dg = 30 ȝm. By 
applying a standardized tool holder CSBPL 1616H09 the 
inserts were utilized with a positive working rake angle 
Ȗne = 6°. To verify the necessity of chamfered cutting edge 
geometries when machining mineral cast, the first experiments 
were conducted only with a cutting edge radius rȕ = 10 ȝm and 
without a cutting edge chamfer. The subsequent cutting 
experiments were carried out with indexable inserts with the 
ISO-geometry CCGW 120412 and a tool holder 
SCLCL 2525M12. A more stable design of the cutting edges 
was applied, which incorporates a protection chamfer with a 
chamfer width bȖ = 0.2 mm and a rounded cutting edge radius 
rȕ = 10 ȝm and rȕ = 30 ȝm respectively. The working rake 
angles were determined at Ȗne = -20°, Ȗne = -25° and Ȗne = -30° 
due to variation of the chamfer angles. Concerning the chip 
and abrasion resistance two different grades of PCD-materials 
were employed. The mixed grain-structured PCD PD70 with a 
selected mix of grain sizes between dg = 2 ȝm and dg = 30 ȝm 
is supposed to be equivalent to the previously used PCD type 
CTM302. The second PCD specification PD75 consists of a 
fine grain PCD grade with a grain size between dg = 0.5 ȝm 
and dg = 1 ȝm.  
 
 
Fig. 2. Experimental setting of longitudinal turning of mineral cast. 
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To avoid dust formation, thermal overstressing of the 
diamond cutting materials and heat-induced decomposition of 
the epoxy resin matrix, all cutting experiments were 
performed using a seven percent emulsion as coolant. The 
cutting speed was set to vc = 50 m/min, vc = 100 m/min and 
vc = 200 m/min. The feed was varied between f = 0.05 mm 
and f = 0.2 mm and the depth of cut between ap = 0.25 mm 
and ap = 0.75 mm. The parameters of the tool design and the 
cutting process are summarized in Table 1. 
Table 1. Tool design and process parameters. 
Parameter Unit Value 
Cutting material  Mixed grain-structured PCD (2 … 30 ȝm) 
Fine grain PCD (0.5 … 1 ȝm) 
Ȗne ° 6, -20, -25, -30 
rȕ ȝm 10, 30 
bȖ mm 0.2 
vc m/min 50, 100, 200 
f mm 0.05, 0.1, 0.2 
ap mm 0.25, 0.5, 0.75 
 
The tool life criterion was determined with either a 
maximum width of flank wear land VBmax = 0.3 mm or a total 
cutting time tc = 60 min and the flank wear was measured at 
defined time intervals of tc = 30 s up to tc = 120 s. 
Furthermore, the force components, i.e. passive force Fp, feed 
force Ff and cutting force Fc were determined by using a three-
component force dynamometer type 9121 from KISTLER 
INSTRUMENTE AG, Winterthur, Switzerland.  
4. Results and discussion 
To verify the basic principles of machining mineral cast 
with geometrically defined cutting edges comprehensive 
cutting experiments were conducted determining the influence 
of the cutting material, the tool geometry and the process 
parameters. For this purpose, the chip formation, the process 
forces und the tool wear were analyzed. 
4.1. Chip formation 
To analyze the influence of geometric and kinematic 
process parameters on the chip formation process in 
machining mineral cast high-speed video recordings with a 
frame rate of 2,000 fps were made in face turning of grooved 
workpieces (Fig. 3). The cutting speed, the depth of cut and 
the cutting edge radius were kept constant at vc = 100 m/min, 
ap = 0.5 mm and rȕ = 0.01 mm. Only the working rake angle 
(Ȗne = -20°, Ȗne = -25°, Ȗne = -30°) and the feed rate 
(f = 0.05 mm, f = 0.1 mm, f = 0.2 mm) were varied. The 
recordings show that the workpiece material gets compressed 
in front of the cutting edge. When exceeding a critical load 
the workpiece material is being released immediately and 
ejected from the cutting zone. Whereas the rake angle 
primarily affects the direction of crack initiation into the 
workpiece, the feed significantly influences the size of the 
separated mineral particles and the mechanical stress induced 
to the tool. 
 
 
Fig. 3. High-speed image of face turning of mineral cast. 
At a working rake angle Ȗne = -20° the crushed stone 
particles are ejected more concentrated in direction of the rake 
face just along the major cutting edge whereas the exit angle 
of the powdered chip particles increases slightly at a working 
rake angle Ȗne = -30°. 
In addition, it could be observed that larger stone particles 
are separated at an increasing rake angle which can be 
ascribed to a deeper crack formation in direction of force 
application. Because of the irregular arrangement of the 
aggregates resulting in a macroscopically anisotropic 
workpiece material the initial cracks always go along with the 
microscopic lattice structure of the crystals forming some 
single larger chip segments. Moreover, the amount and size of 
these chip segments increases with a progressive feed rate. 
Besides that, it is necessary to take into account that chipping 
can be enhanced at the exit of the cutting edge which can also 
be promoted by a disadvantageous distribution of filler 
particles in the workpiece. Overall it could be observed that, 
due to the fillers used, powdered mineral particles with grain 
sizes of about dg = 0.2 mm and single larger chip segments 
developed during machining of mineral cast (Fig. 4).  
The size of the mineral aggregates being larger than flour 
do not have any evident influence on the chip formation. The 
inhomogeneous chip formation is rather dependent on the 
local concentration and composition as well as possible pre-
damages of the aggregates as a result of natural 
inhomogeneities and the crystal growth. 
 
 
Fig. 4. SEM image of typical chip forms of mineral cast. 
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Fig. 5. Force components at longitudinal turning of mineral cast at various 
 cutting edge designs. 
4.2. Cutting forces 
The influence of the aggregate composition is reflected as 
well in the process force components. The cutting force 
decreases rapidly at the end of the workpiece due to the 
smaller amount of larger aggregate particles (Fig. 5a). The 
demixing of the mineral cast can be ascribed directly to the 
casting process and has to be considered during production. 
Nevertheless, an impact on the tool life or process stability is 
not observed. Moreover, a comparable decrease in the process 
forces at the end of the workpiece could not be observed when 
machining further cast blanks (Fig. 5b). The changed process 
behavior can be ascribed to the significantly lower local 
demixing at the end of the workpiece. 
If the performance of chamfered and rounded cutting edges 
is compared with only rounded cutting edges, it can be seen 
that the protection chamfer and the resulting negative working 
rake angle initially lead to an increase of the process forces. 
However, the load introduced into the tool is efficiently 
compensated by the stabilization of the cutting edge because 
of the chamfer. A direct comparison of Fig. 5b and Fig. 5c 
shows that the process forces slightly diminish at an 
increasing negative rake angle.  
 
4.3. Wear characteristics of super-hard cutting materials and 
 tool life volume  
Because of the highly abrasive mineral aggregates mineral 
cast places high demands on the hardness and toughness of 
cutting materials. For that reason the only cutting material 
selected for the cutting experiments is polycrystalline 
diamond. Whereas the PCD grade PD75 offers a very high 
level of toughness along with an excellent wear resistance, the 
PCD grade PD70 showed to be superior at all process 
parameters considered. Compared to PD75 the toughness of 
PD70 is significantly lower, nevertheless providing an 
extreme wear resistance [8]. When the cutting edge 
preparation is taken into account, it clearly shows that the 
application of a protective chamfer significantly stabilizes the 
cutting edge which is essential when machining mineral cast. 
The cutting experiments also prove the substantial increase in 
process stability due to chamfered and rounded cutting edges 
whereas the actual variation of the angle of chamfer between 
Ȗf = 20° and Ȗf = 30° only is of minor significance to the tool 
wear. Fig. 6 provides evidence by representing the tool wear 
in dependency of the cutting material and the cutting edge 
design at a cutting speed vc = 100 m/min, feed rate f = 0.1 mm 
and depth of cut ap = 0.5 mm.  
Whereas the PCD grade PD75 already exceeds the tool life 
criterion at the tool life volume VT = 45 cm³ the equivalent 
PD70 shows a degressive wear behavior. After reaching a tool 
life volume VT = 100 cm³ the width of flank wear land stays 
almost level at VBmax = 0.214 mm until the alternative tool 
life criterion tc = 60 min is reached. Regarding the sharp and 
only rounded cutting edge of the PCD grade CTM302, it 
proves a lower wear in the beginning up to VT = 60 cm³ 
compared to the chamfered cutting edges. 
 
 
Fig. 6. Tool wear dependent on the tool material and cutting edge design. 
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Fig. 7. Tool wear of various PCD grades with different cutting edge designs; 
 (a) CTM302, Ȗf = 0°; (b) PD75, Ȗf = 25°; (c) PD70, Ȗf = 25°. 
Being insufficiently stable for alternating mechanical loads, 
the tool wear increases rapidly afterwards leading to chipping 
at the cutting edge and rake face at VT = 120 cm³ (Fig. 7a). In 
contrast to that, tools with a protective chamfer and rounded 
cutting edge radius are predominantly characterized by 
abrasive wear. The fine grain PCD grade PD75 (Fig. 7b) 
shows a substantially higher abrasive flank wear than the 
mixed grain-structured PCD grade PD70 (Fig. 7c). 
Furthermore, cracks were detected which are located 
orthogonal to the stress direction at the flank face of PD75. 
They can be ascribed to the alternating mechanical loads 
induced by the cutting process and can lead to partial break 
outs on the flank face.  
Fig. 8 exemplarily shows the tool life volume VT of various 
parameter combinations. In due consideration of the necessity 
of protective chamfers when machining mineral cast it can be 
seen that even at a material removal rate increased by six 
times the tool life volume could be enhanced by 20 cm³ to 
VT = 137 cm³ (setting G) with PD70 compared to CTM302 
(B). At identical process parameters the tool life volume of the 
chamfered and rounded PD70 could be more than doubled 
(D). It must also be mentioned here that the cutting edge of 
setting D was discontinued after reaching the tool life criterion 
tc = 60 min with a flank wear of only VBmax = 0.237 mm. 
Taking into account the actual wear progress and the expected 
achievable tool life the difference would be remarkably 
higher.  
As already indicated, the insufficient wear resistance of 
PD75 leads to an increased tool wear so that the specific 
design of the cutting edge geometry does not significantly 
affects the process behavior. Except for the depicted material 
removal rate Qw = 2.5 cm³/min in setting A the tool life 
volume achieved with PD75 varies between VT = 15 cm³ (E) 
and VT = 45 cm³ (G). As a result of its excellent wear 
resistance the mixed grain-structured PCD grade PD70 shows 
significantly higher tool life volumes than PD75. For that 
reason, the design of the cutting edge geometry comes into 
full effect.  
 
 
Fig. 8. Tool life volume of various PCD grades with different cutting edge 
 designs. 
It becomes evident that both the cutting edge geometry and 
the process parameters show considerable variation in tool life 
volume. Enlarging the cutting edge radius from rȕ = 10 ȝm (D) 
to rȕ = 30 ȝm (C) decreases the tool life volume drastically 
from VT = 274 cm³ to VT = 74 cm³. When the same tool 
geometry and high cutting speed vc = 200 m/min is considered 
the lowest feed rate and highest depth of cut allow for a tool 
life volume VT = 167 cm³ (E). As opposed to this, the tool life 
volume is halved at high feed and low depth of cut (F). With 
the cutting speed reduced to vc = 50 m/min the tool life 
volume of PD70 as well as PD75 increases to VT = 150 cm³ 
due to the tool life criterion tc = 60 min. Whereas the 
maximum width of flank wear land of PD75 is 
VBmax = 0.201 mm the flank wear of PD70 only amounts to 
VBmax = 0.114 mm.  
5. Conclusions and outlook 
Based on the results of the cutting experiments conducted it 
has been proven that the application of a protection chamfer is 
crucial to avoid premature tool failure during machining of 
mineral cast. It has been seen that a compromise has to be 
found between protective chamfer and cutting edge radius to 
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prevent the relatively blunt cutting edge from excessive 
mechanical stresses. A cutting edge radius rȕ = 10 ȝm showed 
to be most suitable. Abrasive wear was identified as the main 
wear mechanism. Besides the workpiece-specific adjustment 
of the kinematic process parameters the key for reliable 
machining of mineral cast is the right choice of the cutting 
material. A mixed grain-structured PCD with a selected mix of 
grain sizes between dg = 2 ȝm and dg = 30 ȝm has proved 
especially effective here.  
Additional cutting experiments were performed to 
investigate the applicability of other cutting materials. 
Conventional coated indexable carbide inserts have proven 
just as unsuitable as superhard whisker-reinforced ceramics. 
Whereas both cutting materials showed no weakness 
concerning mechanical stress, they provide insufficient 
resistance to abrasive wear. Subsequent investigations are to 
be performed concerning the transferability of the results 
gained so far to milling processes on the one hand. On the 
other hand the range of cutting materials is to be extended by 
high-content PcBN grades and thick-film CVD diamond. 
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